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Abstract
Motivation: This paper proposes a small-sized hologram system for the 3D imaging of lesions in a clinical environment.
In a general hologram system, the distance between the beam-generating device and the screen (400 mm) and the size of
the screen must be increased proportionally to obtain excellent image quality. However, in a clinical environment, the
beam spread distance and screen size must be reduced. This paper proposes a method for reducing the beam divergence
distance and screen size for clinical applications.
Methods: To reduce the beam spread distance and screen size, a beam prism with a 45° refractive index is used to
reduce the beam spread distance by 1/3. The direction of the bent light must be adjusted such that it can reach the screen
accurately. However, because the reflected light may be refracted owing to the material properties of the mirror and
cause loss, this problem can be solved by using a full reflection mirror.
Results: The beam spread distance of the designed hologram system is 200 mm. The types of lesions obtained from the
3D images of the hologram include the lung, liver, and colon. The image resolution is 300 × 145.
Conclusion: If the proposed method is used in a clinical environment, doctors can improve their understanding of the
patient quickly and efficiently; thereby, shortening the treatment time. The proposed hologram system is expected to be
useful in treatment rooms, operating rooms, and educational programs in medical schools.
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Introduction

In a doctor’s office, it is difficult for a patient to understand
a lesion from magnetic resonance imaging (MRI) and
computed tomography (CT) data.1 Generally, doctors pro-
vide easy explanations to help patients understand. However,
it is difficult for the patient to explain their lesions. Therefore,
communication between doctors and patients is difficult, and
clinic hours are often delayed.2 To solve this problem, lesion
imaging data can be visualized in three dimensions to induce
observation.3,4 In doctors’ offices, doctors and patients
monitor at different viewing angles in a limited space, and
excellent image quality and appropriate viewing size should
be achieved with reduced distance.5 This study proposes
a method that can reduce the distance between the beam
source and screen and provide a fixed viewing size and high
image quality at various viewing angles.

Background and Design Methods

Background

The general hologram has a long distance between the
irradiation beam source (B1) and screen (Sa) for imaging

observations of large size, as shown in Figure 1(a). If the
irradiation distance increases, the image resolution also
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increases. Thus, the screen size of the conventional devices
is large. However, the beam irradiation distance (d2) of
a conventional hologram system must be very short, as
shown in Figure 1(b), and should be observed by the doctor
and patient in the doctor’s office. If the distance (d2) of the
irradiated beam decreases, the imaging size also decreases
for observation on the screen (Sa), which reduces the res-
olution, whereas a small imaging size is difficult to observe.
Gatebox reduces the distance between beam source and
screen, but the image clarity is relatively poor and, the image
is distorted by ambient light. To reduce the distance between
irradiated beams, we attempted to overcome the limitations
of the imaging size extension method on the screen (Sa).
Figure 1(c) shows the proposed method for image size
extension. For example, irradiation beams (B1a//B2a) can be
separated using a beam prism (RAP) and a full reflection
mirror (FM), in which the separated beams could be re-
fracted in accordance with Snell’s law. Therefore, the re-
fracted beams (B1a//B2a) can be extended over a short
distance (d2), and the extended beam can be transmitted to
the screen (Sa).

Design Methods

The designed system is composed of a beam projector
(Bs), right-angle prism (RAP), full reflection mirror

(FM), and screen, as shown in Figure 2. The beam
projector (Bs) is the irradiated optical source, and
a right-angle prism (RAP) is refracted with light di-
rected at 90°. FM is adjusted to the light direction on the
screen at 35°. In this study, the importance of the ho-
logram was to decrease the throw distance between the
beam projector and screen without changing the im-
aging resolution and distortion. To decrease the throw
distance between the beam projector and screen, the
light direction is refracted at 90°, which is used for the
RAP. In addition, the RAP refraction light is reflected at
35° using FM.

System Test and Results

Figure 3 shows the proposed holograph system. As
shown in the figure, the system is sufficiently mini-
aturized. To obtain the hologram results, output im-
aging was processed by 3D image rendering, and the
output image is sent to a hologram system following
the rendering process. The lungs, colon, and liver were
imaged. In addition, imaging results for the lungs,
colon, and liver were obtained using a hologram
system. The photograph of the 3D imaging shows
excellent front and lateral side views, which proves the
reliability of the results.

Figure 1. Flow of the development system and characteristic of the beam irradiation.
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Discussion

If beam prisms and mirrors are used in the design process,
it is crucial to focus the beam to maximize the beam
deflection effect. If the beam is out of focus, the image

quality will deteriorate, and the distortion will be severe.
In addition, the beam focus problem causes scattering.
Therefore, it is important to adjust the mirror angle. There
have been no reports of developing a hologram system for
use in a medical office. Typically, general holograms are

Figure 2. Comparison of the dimension with the new structure and conventional one.

Figure 3. Reliability of the test results using the proposed system with a hologram.
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used in stages. The proposed hologram was in the form of
a gate box. Therefore, it is small and portable.

Conclusion

The cost of a Gatebox (GTBX-100JP, Japan) with hologram
is 1127 USD4 However, we suggested system will be de-
creased the 1/6 (cost). In this works, aminiaturized hologram
system is designed to enable lesion observation (tumor lo-
cation) in a clinical environment, including a doctor’s office.
A hologram system is used for beam prism and full-
reflection mirrors (FM), which can be easily manufac-
tured. Thus, the irradiation of beams must be non-distorted
owing to lossless optical devices. The proposed adjustment
of the refraction angle can reduce the beam irradiation
distance. The proposed hologram system enables rapid and
easy patient education in clinics. Therefore, the hologram
system can be applied to surgery, operating rooms, emer-
gency rooms, and medical school educational programs.
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